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Two-dimensional echocardiographic findings in porcine 
valve dysfunction were compared with pathologic find-
ings in 10 patients (12 valves). Three specific echocar-
diographic findings were identified in patients with re-
gurgitant lesions: prolapse, fracture and flail leaflets. 
Prolapse was associated pathologically with thinning of 
the leaflets, longitudinal tears close to the ring margin 
and acid mucopolysaccharide accumulation. Valve frac-
ture was seen with and without prolapse and was ac-
companied pathologically by small pinpoint perforations 
or tears of the leaflet. A flail leaflet was seen with a linear 
tear of the free margin and was associated with calcific 
The Hancock porcine xenograft has been extensively used 
for prosthetic valve replacement because of its low incidence 
of thromboembolism and good hemodynamic characteristics 
(1-5). However, this valve has a limited longevity as a 
result of primary tissue degeneration, calcification or infec-
tion (1-7). Although the two-dimensional echocardio-
graphic features of porcine valve dysfunction have been 
described (8-10), only one study (9) has attempted to cor-
relate these echocardiographic features with pathologic find-
ings. We, therefore, retrospectively compared two-dimen-
sional echocardiographic findings of malfunctioning porcine 
prostheses with pathologic findings and describe several 
additional echocardiographic features of malfunctioning 
prosthetic valves. 
Methods 
Patients. During the period from 1978 to 1983 at the 
Vanderbilt University Medical Center, 10 patients devel-
oped congestive heart failure due to dysfunction of porcine 
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deposits. Mild degrees of fracture seen pathologically 
were missed on the echocardiographic study in five pa-
tients. Thickening or calcification, when present in mod-
erate or severe amounts, was correctly identified by 
echocardiography. 
When all abnormal features were considered col-
lectively, two-dimensional echocardiography correctly 
identified at least one of them in all patients. Therefore, 
two-dimensional echocardiography may prove useful in 
assessing the source of valvular regurgitation in patients 
with bioprosthetic valves. 
(J Am Coil CardioI1985;5:224-30) 
valve prostheses and had their valves removed. Two patients 
had both aortic and mitral prostheses replaced so that a total 
of 12 valves were studied. Correlation of their two-dimen-
sional echocardiographic and pathologic findings form the 
basis of the present report. All patients had glutaraldehyde-
fixed valves with flexible stents and a muscular anterior 
leaflet. 
Echocardiographic studies. Two-dimensional echo-
cardiographic studies were performed before surgery using 
a phase array sector scanner (Hewlett-Packard or Varian 
3000) with a 3.5 MHz transducer using standard two-
dimensional views (II). Satisfactory studies were obtained 
in all patients. The prostheses were best assessed in the 
long-axis and four chamber views. Echocardiograms were 
reviewed retrospectively by three independent viewers, all 
of whom were unaware of the pathologic findings. 
Valves were evaluated for the following variables: thick-
ening, calcification, prolapse, fracture and flail. The valve 
was considered thickened if it was as echogenic as a native 
valve. This did not include the anterior leaflet of the valve 
because this is a muscular leaflet and is usually well seen 
even when normal. The leaflets were considered calcified 
when they appeared as dense as the surrounding stents. We 
did not attempt to grade the severity of calcification present. 
Prolapse of the leaflets in the mitral position was defined 
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as superior motion or arcing of the leaflets above the level 
of the anulus into the left atrium, with concavity remaining 
toward the left ventricular cavity (12), A leaflet was con-
sidered flail when it displayed systolic motion through a 
1800 arc about the point of attachment to the stent into the 
left atrium (mitral prosthesis) or left ventricular outflow tract 
(aortic prosthesis), with the abnormal motion being maximal 
at the leaflet tip (13), Fracture or partial tear of the valve 
was said to be present when only a portion of the involved 
valve leaflet moved through an arc of 1800 , while the other 
portion of the leaflet remained in the normal arc of motion. 
In almost all cases, there was agreement among the viewers; 
when disagreement occurred, a majority decision was taken. 
Pathologic studies. Gross morphology. A roentgen-
ogram of the bioprostheses was taken to assess the pattern 
and extent of the calcific deposits. All valves were photo-
graphed from the atrial (or aortic) and ventricular surfaces. 
The following morphologic features were sought in all 12 
porcine valves: leaflet thickening, calcific deposits, redun-
dancy or prolapse, fractures or tears, disruption judged to 
allow a flail leaflet and the presence of vegetations. A valve 
was considered to be prolapsed if there was leaflet redun-
dancy and the leaflet could be stretched beyond the valve 
ring; this was always accompanied by valve leaflet thinning. 
Fractures or tears were defined as discontinuities in the 
leaflets, These usually occurred at or close to the leaflet 
insertion into the valve ring. When tears were noted in the 
free margins of the leaflet, the leaflet was considered to be 
flail. Valve tears could be divided into three types: type I 
tears occurred in the free margin and were associated with 
flail leaflets; type II were large friable perforations associ-
FORMAN ET AL. 225 
ECHOCARDIOGRAPHY IN PORCINE VALVE DYSFUNCTION 
ated with infective endocarditis; type III were longitudinal 
tears near the ring or pinpoint perforations (modified from 
Ishihara et al. [7]) and were associated with prolapse or 
fracture. The extent of the pathologic changes were graded 
as 0 = no change, + = minimal change, + + = moderate 
change and + + + = severe change. 
Microscopy. Calcification and collagen degeneration were 
further assessed with light and electron microscopy. Por-
tions of the leaflets were selected for histologic examination, 
embedded in paraffin, sectioned and stained with hematox-
ylin-eosin, Movat pentachrome and Von Kossa stains. 
Transmission electron microscopy was performed on those 
portions of the leaflets where pathologic findings were noted 
on gross examination. Tissue was postfixed for 2 hours in 
1 % osmium tetraoxide solution and buffered in 0.2 M phos-
phate, dehydrated through a graded series of ethyl alcohol, 
passed through propylene oxide and embedded in Med Cast. 
Sections (1 p,m) were stained with toluidine blue and ul-
trathin sections, cut on an LKB microtome, were stained 
with uranyl acetate and lead citrate and examined on a 
Hitachi H-600 transmission electron microscope. 
Results 
Clinical and hemodynamic findings (Table 1). There 
were three men and seven women ranging in age from 28 
to 71 years. Seven patients had a mitral valve prosthesis 
only, one patient had an aortic valve prosthesis only and 
two patients had both mitral and aortic prostheses. The mean 
duration of valve replacement was 5.8 years. All 10 patients 
had presented with signs of increasing congestive heart fail-
Table 1. Clinical and Hemodynamic Data in 10 Patients With Porcine Valve Dysfunction 
Case 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Age (yr) 
& Sex 
34M 
62F 
61F 
58F 
45M 
53F 
39M 
33F 
28F 
71F 
Clinical 
Valve Duration 
Location of VR (yr) 
AV 6.0 
MV 4.0 
MV 6.7 
MV 7.0 
MV 4.0 
AV 4.0 
MV 5.2 
MV 8.0 
AV 8.0 
MV 6.5 
MV 6.0 
MV 5.0 
NYHA 
Class 
II 
II 
III 
II to III 
II to III 
II 
II 
III 
II 
III 
Clinical 
Diagnosis 
AR 
MR 
MR 
MR 
MR 
MR 
MS, MR 
AR 
MR 
MR 
MR, IE 
Hemodynamic 
Catheterization Data 
3+ AR 
4 + MR, no gradient 
4 + MR, no gradient 
28 mm gradient, 3 + MR 
3 + MR, MV A 0.8, MS, 23 
mm gradient, I + AR 
22 mm gradient, MV A 0.6, 
2+ MR 
AVA 1.35, 32 mm gradient, 
1+ AR 
3+ MR 
4+ MR 
4+ MR 
AR = aortic regurgitation; AS = aortic stenosis; A V = aortic valve; A V A = aortic valve area; F = female; IE = infective endocarditis; M = 
male; MR = mitral regurgitation; MS = mitral stenosis; MV = mitral valve; MVA = mitral valve area; NYHA = New York Heart Association; VR 
= valve replacement; - = not measured. 
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Table 2. Correlation of Two-Dimensional Echocardiographic and Morphologic Findings 
Valve 
Thickening Calcification Prolapse Fracture Flail Vegetations 
Case Location 2-D Path 2-D Path 2-D Path 2-D Path 2-D Path 2-D Path 
I AV 0 0 + ++ 0 0 0 + + + 0 0* 
2 MV + ++ 0 0 + + + + + 0 0 0 
3 MV 0 0 + + + + 0 0 0 0 0 0 
4 MY 0 0 0 0 + +++ + ++ 0 0 0 0 
5 MY + + 0 + 0 0 0 0 0 0 0 0 
AY 0 + 0 0 0 0 0 0 0 0 0 0 
6 MY 0 0 + ++ 0 0 0 + 0 0 0 0 
7 MY + + + +++ 0 0 0 + 0 + 0 0 
AY + + 0 + 0 0 0 0 0 0 0 0 
8 MY + ++ + ++ + + 0 + 0 0 0 0 
9 MY + ++ + ++ 0 0 0 0 + + 0 0 
10 MY + ++ + ++ 0 0 0 + + + 0 +t 
Grading of pathologic changes: 0 = change absent; + = minimal change; + + = moderate change; + + + = severe change. Grading of clinical 
changes: 0 = change absent; + = change present. * = ruptured leaflet with fibrin deposition on margin of rupture, no organisms seen. t = cultures 
negative and vegetations small and calcified. A Y = aortic valve; MV = mitral valve; Path = pathologic grade; 2-D = two-dimensional echocardiographic 
grade. 
ure and were found to have significant prosthetic regurgi-
tation on clinical examination or at catheterization, or both, 
using conventional angiographic criteria. 
Echocardiographic findings (Table 2). Ten of 12 valves 
had evidence of thickening or calcification on two-dimen-
sional examination. Moderate or severe thickening or cal-
cification, alone or in combination, was correctly identified 
in all patients. Three main distinctive echocardiographic 
findings were identified. Leaflet prolapse was demonstrable 
in four patients and three also had either thickening or cal-
cific deposits in the nonprolapsing leaflets. However, one 
patient demonstrated marked prolapse in the absence of 
thickening or calcification of any of the leaflets (Case 4) 
(Fig. IA). In this patient, fracture of the leaflets was also 
identified (Fig. 18). Patient 2 demonstrated fracture in one 
and flail motion of the other leaflet (Fig. 2A to C). This 
echocardiographic feature was believed to represent partial 
separation of the leaflet from the ring. Flail leaflets were 
seen in four patients (Fig. 3A). Mild degrees of fracture 
assessed pathologically were missed in five patients at echo-
cardiography. One patient had small vegetations «2 mm) 
that were not visualized on the real time study. 
Gross pathologic findings (Table 2). Thickening was 
present in 8 of 12 valves, with 4 of the 8 valves having 
moderate thickening. Calcific deposits were noted in nine 
valves, five with moderate calcification and one with severe 
calcification. When mild or moderate calcification occurred, 
it usually involved the areas of the valve nearest to the stent. 
In one valve, severe calcification involved the body of the 
leaflets as well. Prolapse was noted in four patients, all of 
whom had thinning of the prolapsed leaflets. One patient 
had moderate to severe prolapse with marked thinning and 
even tears in the leaflets close to the ring (Fig. 1 C). Four 
patients had flail leaflets with tears (Fig. 2D) and all had 
calcific deposits in the leaflets close to the stent, which may 
have contributed to the tears. Large friable vegetations were 
not seen, but one valve had small vegetations and histologic 
evidence of infective endocarditis. Two patients (Cases I 
and 10) had leaflet rupture close to the free margins, thereby 
probably producing a flail leaflet as seen on echocardiog-
raphy (Fig. 38). No organisms were identified histologically. 
Histologic studies. Light microscopic examination re-
vealed multiple changes varying from fragmentation of elas-
tic laminae, hyalinization of collagen bundles, formation of 
clear spaces, fibrin deposition, cellular infiltration consisting 
of red cells, mononuclear cells and giant cells and focal 
calcific deposits. In areas of tears, there were fibrin depo-
sition and hyalinization of collagen along with deposition 
of pools of fibrillar material (that stained positive for acid 
mucopolysaccharide). Often the outflow surface of the valve 
was totally disrupted. 
On transmission electron microscopy, the endothelial layer 
of the inflow and outflow tracts was often focally denuded, 
especially near areas of tear, with exposure of collagen and 
deposition of a thin layer of fibrin intermingled with red 
blood cells and macrophages. The collagen fibrils were frag-
mented and often replaced by amorphous granular material 
(Fig. 4). Most valves demonstrated calcific deposits as either 
microspherules or as coarse calcific deposits within inter-
stitium or superimposed on collagen bundles. 
Discussion 
Natural history of porcine prosthetic valves. The Han-
cock glutaraldehyde-fixed porcine prosthetic valve has been 
extensively used for aortic, mitral and triscuspid valve re-
l
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placement over the past IO years. It has excellent flow 
characteristics and a low thrombotic rate (1-6). In recent 
years, however, increasing numbers of studies have shown 
a high rate of valve malfunction due to either primary tissue 
degeneration or calcification of the valve leaflets (\ -6). In 
a study of 211 patients , Lakier et aJ. (\) found a 7.9 and 
23 .3% failure rate in the mitral and aortic positions, re-
spectively. In their study, degenerative changes appeared 
to accelerate at 48 months after implantation and were more 
common in the aortic position. Accelerated valvular calci-
fication causing dysfunction has also been found in young 
patients and patients with chronic renal failure (1,14, IS). 
However, pathologic studies (3,16) have demonstrated that 
degeneration of porcine bioprosthetic valves may occur in 
the absence of calcification. Although degeneration usually 
results in gradual malfunction , occasional catastrophic events 
due to valve rupture have been reported (17). Because many 
patients now have porcine valves, accurate noninvasive as-
sessment of valvular dysfunction would be useful. 
Two-dimensional echocardiographic findings. We and 
others (9,17,18) have previously reported M-mode echo-
cardiographic findings of porcine valve dysfunction. Two-
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Figure l. Case 4. Long-axis and four chamber echocardiographic 
views. A, Both anterior and posterior leaflets prolapse into the left 
atrium (LA) (arrow) . Dotted line is the expected line of coap-
tation; B, Fracture of the anterior leaflet is also present (arrow). 
C, Photograph of valve prosthesis showing tears and thinning of 
one of the leaflets (arrows) with redundancy of the leaflet. Ant 
= anterior; Inf = inferior; LV = left ventricle; Post = posterior; 
R = right; RA = right atrium; RV = right ventricle; Sup = 
superior. 
dimensional echocardiography has proved far superior to 
M-mode echocardiography in assessing both valvular and 
cardiac function in patients with bioprosthetic valves (19) . 
Few studies (8,9) have reported the two-dimensional echo-
cardiographic features of porcine valve dysfunction, and 
only one study (9) has attempted to correlate the two-
dimensional findings with the pathologic changes. In the 
latter study, the investigators found a good correlation be-
tween the echocardiographic features and pathologic find-
ings in five patients, all of whom had calcific deposits in 
the porcine valves. Grenadier et al. (8) studied porcine valves 
in 25 patients; mitral stenosis was identified in 3 and mitral 
regurgitation suggested in 2. However, significant mitral 
stenosis was not diagnosed with echocardiography in two 
patients. 
Leaflet calcification. In the present study, thickening or 
calcification of the valve was correctly identified on the real 
time study when it was present in a moderate or severe 
degree on pathologic examination . Minor degrees of change 
were not identified by two-dimensional echocardiography. 
Calcification of the valve seen echocardiographically was 
usually associated with valvular dysfunction. However, two 
patients (Cases 2 and 4) demonstrated striking abnormalities 
on two-dimensional echocardiography in the absence of 
macroscopic calcification. Also, in the four patients with 
prolapsing leaflets, calcification was absent on gross ex-
amination; however, focal calcification was noted ultrastruc-
turally in the involved leaflet in Patients 2 and 4. We did 
not find it possible to accurately assess mitral valve area in 
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the short-axis view. This was not surprising because the 
leaflets are asymmetric and the plane of opening is difficult 
to define. Minor degrees of fracture were missed by echo-
cardiography in five cases. 
Patterns a/valve leaflet abnormalities. When all the ab-
normal variables were evaluated together, two-dimensional 
echocardiography was successful in defining valve leaflet 
Figure 3. Case I. Parasternal long-axis 
view. A, Flail, thickened leaflet is seen 
in the left ventricular (LV) outflow tract 
(arrow). B, Line drawings of aortic and 
ventricular views showing a perforation 
near the free margin of the leaflet (type 
II tear). Abbreviations as in Figure I. 
B 
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Figure 2. Case 2. Parasternal long-axis view (A), corresponding 
line drawing (B) and apical four chamber view (C) of the porcine 
bioprosthesis in the mitral position. A and B, Fracture of the 
anterior leaflet (curved arrow) and a flail posterior leaflet (straight 
arrow) are seen. C, The flail posterior leaflet is demonstrated in 
this view (arrow). D, Atrial view of the porcine valve showing 
tears (arrow) near the sewing ring (type III tear). Abbreviations 
as in Figure I. 
B 
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abnormalities as the cause of mitral regurgitation in pros-
thetic valve dysfunction in the majority of patients, with 
three distinct patterns identified on two-dimensional ex-
amination. Four patients demonstrated definite prolapse of 
the valve leaflets; this was best assessed in the long-axis 
and four chamber views. In Patient 4, marked prolapse was 
seen in the absence of thickening of the leaflets and this 
was confirmed at pathologic examination. In addition, Pa-
tients 2 and 4 with prolapse demonstrated fracture of the 
base of the leaflets, which was believed to represent partial 
avulsion of the leaflet from the strut or a large tear in the 
leaflet close to the stent. This was confirmed in both valves 
at pathologic examination. 
Morphologic findings. Light and ultrastructural inves-
tigation confirmed that when prolapse of the valves oc-
curred, the valve leaflet architecture had been disrupted, 
with marked degeneration of collagen and collections of 
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Figure 4. Cases 2 and 4. Electron mi-
crographs of changes seen in the por-
cine valves. A, Collagen fibers show-
ing disintegration and separation by 
fine granular material. B, Variation in 
intensity of collagen staining and fray-
ing of free ends. C, Focal calcific de-
posits (not appreciated on light mi-
croscopy) are seen in the tom leaflet, 
in Case 2. D, A mass of fibrin depo-
sition is seen overlying the torn leaflet 
and underneath a single calcific de-
posit is noted (arrow) in Case 4. (A 
x 40,000; B x 80,000; C x 15,000; 
D x 21,300; reduced by 34%.) 
pools of acellular mucopolysaccharide material that ap-
peared as amorphous granular material on electron micros-
copy. These changes were often accompanied by tears in 
the valve leaflets close to the ring. In valves showing pro-
lapse, no calcific deposits were demonstrated on gross ex-
amination, but occasional calcific deposits were seen by 
electron microscopy. Tom valve margins were accompanied 
by calcific deposits in the leaflets close to the stent which 
we believe may have contributed to the tears. These valves 
also showed co1\agen degeneration and focal infiltration by 
mononuclear ce1\s. Calcific deposits were noted microscop-
ically on most of the valves and were usua1\y seen on col-
lagen bundles or as fine microspherules. These findings have 
been reported by others (7,15,16,20,21). The three types 
of tears that we saw and correlated with two-dimensional 
echocardiographic changes have also been described by 
Ishihara et al. (7). 
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Conclusion. When numerous echocardiographic abnor-
malities were considered together, two-dimensional echo-
cardiography correctly identified the cause of regurgitant 
lesions in our patients. Three specific patterns were iden-
tified in patients with regurgitant lesions, namely, prolapse, 
fracture and flail leaflets. This correlated well with the 
pathologic findings. Prolapse was accompanied pathologi-
cally by accumulation of acid mucopolysaccharide ground 
substance without gross calcific deposits and often with 
longitudinal tears close to the ring margin. Fracture was 
seen with and without prolapse of leaflets, and whenever 
fracture occurred without prolapse it was small and pinpoint. 
Mild degrees of fracture were missed in five patients on 
two-dimensional echocardiography. Flail leaflets involved 
tears in the free margin. Pathologically, these were usually 
seen near the stents accompanied by calcific deposits in the 
area of the stent. Both fracture and flail leaflets were oc-
casionally seen in the same patient. We were unable to 
accurately assess stenosis of the valve. However, the pres-
ence of heavy calcification of the valve leaflets should alert 
the clinician to the possibility of significant stenosis. Two-
dimensional echocardiography may prove useful in assess-
ing patients with porcine valve prostheses to identify the 
presence and origin of valvular dysfunction. 
We thank Geoffrey Hartmann for photography. P. Tallent for performing 
the echocardiographic studies and Sue Warrington for secretarial assistance. 
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